Introduction
One of the most important but unknown areas in ovarian function are the factors involved in follicular atresia. Over the past several years we have developed an animal model which produces a large number of mature antral follicles and ensures a very circumscribed 'time zero' for the induction of atresia: PMSG-primed hypophysectomized hamsters are injected with an antiserum to PMSG (Greenwald, 1963 (Greenwald, , 1973 (Greenwald, , 1979 . The PMSG antiserum induces a more rapid removal of gonadotrophin (PMSG) than occurs if the hormone degrades normally and this also accelerates the atretic process.
Bill (1978) and Bill & Greenwald (1979) have tested this model extensively. Hypophysec¬ tomized hamsters were injected with 30 i.u. PMSG on Day 1 (09:00 h, morning of ovulation) and PMSG antiserum was injected on Day 4 (09:00 h). At 1 h after injection of antiserum, serum oestradiol dropped to 50% of control levels while progesterone remained essentially unchanged for 24 h. By 4 h, degenerative changes in the granulosa cells were detectable by light and electron microscopy. Bill (1978) also showed that, following PMSG treatment (omitting PMSG antiserum), serum oestradiol levels rose at Day 1 and were elevated until at least Day 5 while serum progesterone declined markedly. Serum PMSG concentrations rose and did not fall significantly from the peak value until Day 5. These studies indicate that the PMSG antiserum eliminated the effective circulating levels of PMSG when injected on Day 4.
In these earlier studies (Bill, 1978; Bill & Greenwald, 1979) Bill, 1978) (Bill, 1978) indicated that oestradiol was a sensitive indicator of follicular atresia while progesterone may reflect the status of the theca.
Incubations
Incubations were performed for 1 h at 37°C in a Dubnoff shaker bath after which the follicles were separated from the medium and homogenized in 1 ml 5% trichloroacetic acid (TCA). The TCA suspension was centrifuged and the pellet washed three times with additional TCA. TCA supernatants were extracted three times with 5 ml diethyl ether. The aqueous portion was then dried using a Searle vortex-evaporator at 60°C, reconstituted with 0-05 M-sodium acetate buffer (pH 6-2) and assayed for adenosine 3':5' monophosphate (cAMP) and guanosine 3':5' monophosphate (cGMP). Part (10 ml) of the ether extract from each sample was dried for steroid assay using the vortex evaporator and reconstituted with 1 ml distilled water. Sodium bicarbonate was added to each steroid sample until C02 ceased to be released indicating neutralization of the TCA.
Cyclic AMP and cGMP were determined using the radioimmunoassay method of Steiner, Parker & Kipnis (1972) (Exley, Johnson & Dean, 1971 ), testosterone (Pang & Johnson, 1974) and progesterone (Surve, Bacso, Brinkerhoff & Kirsh, 1976) . Since the antiserum to testosterone cross-reacts with 5 a-dihydrotestosterone (58%) and androstenedione (2%), testosterone is designated as androgen. The RIA procedures for steroid determinations of sera and media are described by Terranova & Greenwald (1978) . Steroid values from TCA extracts showed no differences when compared with those processed by the method of Terranova & Greenwald (1978 fig. la ) underwent opposing changes: between 2 and 4 h cAMP fell significantly from 3-03 ± 0-02 to 2-33 ± 0-2 pmol/follicle whereas cGMP increased from 1-73 ± 0-2 to 2-30 ± 0-2 pmol/follicle. Thereafter, both cyclic nucleotides declined. Bill (1978) and demonstrates the acute effects of the antiserum. In NRS-treated animals serum progesterone concentrations were similar to those at 0 h and remained so throughout the 72-h period. The cause of the lower progesterone levels in the incubation medium when compared to the values for the antiserum treated animals is unknown. It is possible that progesterone in the NRS-treated animals is being converted primarily to oestradiol and that thecal output is diminished. (Makris & Ryan, 1978) . A reduction in gonadotrophin receptors may cause a decrease in adenylate cyclase activity, thus explaining the observed cAMP decrease in this study (Text- fig. la ). Cyclic GMP also decreased during this period, although probably not for the same reasons. Ultimately, the death of the granulosa cells would eliminate adenylate and guanylate cyclases in these cells with a concomitant drop in both cyclic nucleotides. Since the theca interna appeared histologically intact it may still contribute to basal cyclic nucleotide levels. The reason for the inverse fluctuation of cAMP and cGMP between 2 and 4 h is currently being investigated.
The observed steroid changes agree in some respects with the results of other studies of atresia in antral follicles (Bill, 1978; Hay, Moor, Cran & Dott, 1979; Braw & Tsafriri, 1980; Uilenbroek et ai, 1980; Terranova, 1981 ). Using the model described in this paper, and incubating whole hamster ovaries Bill (1978) has shown that oestradiol, testosterone and androstenedione levels decreased over a 24 h period. Progesterone concentrations (medium + tissue) increased gradually with peak values at 24 h ; there was no change in serum progesterone (Bill & Greenwald, 1979) . Hay et al. (1979) found progesterone to be the primary steroid produced in vitro by isolated ovine atretic follicles while normal follicles produced predominantly oestradiol and testosterone. Other studies have shown androstenedione as the major product in ovine atretic follicles while oestradiol was highest in normal follicles (Moor, Hay, Dott & Cran, 1978) . Barbiturate-delayed ovulation has also been used to study atretic changes in the antral follicle: Braw & Tsafriri (1980) and Terranova (1981) (Braw & Tsafriri, 1980; Terranova, 1981) and injection of PMSG into immature rats (Peluso, 1979) . Since intact animals were used in these studies, some circulating gonadotrophins are always present. In the present study, the withdrawal of gonadotrophin support from the ovary after administration of antiserum to PMSG is presumed to be nearly complete. Consequently the observed changes appear to represent an accelerated pattern of atresia. Following injection of anti-PMSG a rapid and significant decline of oestradiol and androgen occurred in the serum, medium and tissue, while progesterone in the medium and tissue increased and subsequently declined. Histological analysis of the ovary showed an intact but not hypertrophied theca interna (C. J. Hubbard, unpublished). This may explain the constant progesterone levels seen in the medium and tissue following the initial surge period.
The increasing androgen concentrations in atretic follicles observed by previous workers have been attributed to aromatase inhibition (Bill, 1978; Moor et ai, 1978) . In the present study, however, oestradiol and testosterone fell simultaneously. The addition of testosterone (Braw & Tsafriri, 1980; Uilenbroek et ai, 1980) in vitro has been shown to reverse the inhibition of oestradiol synthesis in atretic follicles. It appears, therefore, that inhibition must occur at some point after progesterone synthesis but prior to aromatization of testosterone. Progesterone also fell after 8 h in serum, medium and tissue, possibly due to a shift of inhibitory influence to a point prior to progesterone synthesis.
Further studies are needed to determine the respective roles that the granulosa and theca play during the atretic process.
